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Abstract: Using the general recipe given in arXiv:0804.0009, where all timelike su- 
persymmetric solutions of A/" = 2, D = 4 gauged supergravity coupled to abehan vector 
multiplets were classified, we construct genuine rotating supersymmetric black holes in 
AdS4 with nonconstant scalar fields. This is done for the SU(1, 1)/U(1) model with pre- 
potential F = —iX^X^. In the static case, the black holes are uplifted to eleven dimen- 
sions, and generalize the solution found in hep-th/0 105250 corresponding to membranes 
wrapping holomorphic curves in a Calabi-Yau five-fold. The constructed rotating black 
holes preserve one quarter of the supersymmetry, whereas their near-horizon geome- 
try is one half BPS. Moreover, for constant scalars, we generalize (a supersymmetric 
subclass of) the Plebanski-Demianski solution of cosmological Einstein-Maxwell theory 
to an arbitrary number of vector multiplets. Remarkably, the latter turns out to be 
related to the dimensionally reduced gravitational Chern-Simons action. 
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1. Introduction 

Black holes in anti-de Sitter (AdS) spaces provide an important testground to ad- 
dress fundamental questions of quantum gravity like holography. These ideas originally 
emerged from string theory, but became then interesting in their own right, for instance 
in recent applications to condensed matter physics (cf. [1] for a review), where black 
holes are again instrumental, since they provide the dual description of certain con- 
densed matter systems at finite temperature, like e.g. holographic superconductors [2]. 

On the other hand, among the extremal black holes (which have zero Hawking 
temperature), those preserving a sufficient amount of supersymmetry are of particular 
interest, as this allows (owing to non-renormalization theorems) to extrapolate an en- 
tropy computation at weak string coupling (when the system is generically described by 
a bound state of strings and branes) to the strong-coupling regime, where a description 
in terms of a black hole is valid [3]. However, this picture, which has been essential 
for our current understanding of black hole microstates, might be modified in gauged 
supergravity (arising from flux compactifications) due to the presence of a potential 
for the moduli, generated by the fluxes. This could even lead to a stabilization of the 
dilaton, so that one cannot extrapolate between weak and strong coupling anymore. 
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Obviously, the explicit knowledge of supersymmetric black hole solutions in AdS is a 
necessary ingredient if one wants to study this new scenario. 

A first step in this direction was made in [4] , where the first examples of extremal 
static BPS black holes in AdS4 with nontrivial scalar field profiles were constructed. 
This analysis was facilitated by the results of [5], where all timelike supersymmetric 
backgrounds of A/" = 2, D = 4 gauged supcrgravity coupled to abelian vector multiplets 
were classified. This provides a systematic method to obtain BPS solutions, without 
the necessity to guess some suitable ansatze. The upshot of [4] was the construction 
of a genuine static supersymmetric black hole with spherical horizon. This came as 
a surprise, since up to now the common folklore was that static spherical AdS black 
holes develop naked singularities in the BPS limit [6]. This is indeed true in minimal 
gauged supergravity, but the no-go theorems of [6] were circumvented in [4] by admit- 
ting nonconstant moduli. The spherical solutions of [4] were then further studied and 
generalized in [7,8]. 

In this paper, we shall go one step further with respect to [4], and include also 
rotation. Apart from the supersymmetric Kerr- Newman- AdS family [9, 10] and its 
cousins with noncompact horizons [10], there arc not many known solutions of this 
type. One of the most notable exceptions is perhaps the rotating two-charge black hole 
in S0(4)-gauged M = A, D — A supergravity [11], whose BPS limit was studied in [12]. 
Notice that the black holes constructed below are qualitatively different from the ones 
in [11], since they are solitonic objects that admit no smooth limit when the gauging 
is turned off. 

In addition to the motivation given above, a further reason for considering super- 
symmetric rotating black holes is the attractor mechanism [13-17], which states that 
the scalar fields on the horizon and the entropy are independent of the asymptotic 
values of the moduli. (The scalars are attracted towards their purely charge- dependent 
horizon values). However, in gauged supergravity, the moduli fields have a potential, 
and typically approach the critical points of this potential asymptotically, where the 
solution approaches AdS. Thus, unless there are flat directions in the scalar potential, 
the values of the moduli at infinity are completely fixed (in terms of the gauge coupling 
constants), and therefore a more suitable formulation of the attractor mechanism in 
AdS would be to say that the black hole entropy is determined entirely by the charges, 
and is independent of the values of the moduli on the horizon that are not fixed by the 
charges. First steps towards a systematic analysis of the attractor fiow in AdS were 
made in [18, 19] for the non-BPS and in [4, 8] for the BPS case, but it would be very 
interesting to generahze in particular the results of [4] to include also rotation. 

The remainder of this paper is organized as follows: In the next section, we briefly 
review J\f — 2, D — A gauged supergravity coupled to abelian vector multiplets (pres- 
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ence of U(l) Fayet-Iliopoulos terms) and give the general recipe to construct super- 
symmetric solutions found in [5]. In H, the equations of [5] are solved for constant 
scalars. This leads to a generalization of the Plebanski-Demianski solution of cosmo- 
logical Einstein-Maxwell theory to an arbitrary number of vector multiplets. We also 
find a remarkable relationship of the latter with the dimensionally reduced gravita- 
tional Chern-Simons action. In section ^ the case of nonconstant scalars is considered, 
using the SU(1, 1)/U(1) model with prepotential F = —iX^X^. First, we present in 
iA\ a class of one half BPS near-horizon geometries, where the moduli field still has a 
nontrivial dependence on one of the horizon coordinates. Then, in section [4.2| , a two- 
parameter family of rotating black holes is constructed. These solutions preserve one 
quarter of the supersymmetries, and approach the geometries of section [4.1| near the 
horizon. ( [4. 3D contains an uplifting of the obtained black holes to M-theory, together 
with some comments on their higher-dimensional interpretation. We conclude in |]with 
some final remarks. 

The reader who wants to skip the technical details can, instead of reading sections 
^and 12, immediately jump to eqns. (|3.18|) ff. and ( 4.31|) ff. respectively for a summary 
of the results. 



2. J\f = 2, D = 4: gauged super gravity and its BPS geometries 

We consider Af = 2, D = 4 gauged supergravity coupled to ny abelian vector multiplets 
[20]^. Apart from the vierbein e^, the bosonic field content includes the vectors 
enumerated by / = 0, . . . , n^, and the complex scalars where a = 1, . . . , ny. These 
scalars parametrize a special Kahler manifold, i. e. , an ray-dimensional Hodge-Kahler 
manifold that is the base of a symplectic bundle, with the covariantly holomorphic 
sections 

V=(^^^^, V^V = do^V-^{do.)C)V = 0, (2.1) 

where /C is the Kahler potential and V denotes the Kahler-covariant derivative. V 
obeys the symplectic constraint 

(V , V) = X^Fj - FjX^ = i . (2.2) 

To solve this condition, one defines 

V = e'^(^'^")/2t;(2) , (2.3) 
^Throughout this paper, we use the notations and conventions of [21]. 
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where v{z) is a holomorphic symplectic vector, 

d_ 

dZ 



v{z) 



(2.4) 



F is a homogeneous function of degree two, called the prepotential, whose existence is 
assumed to obtain the last expression. The Kahler potential is then 



-K,{z,z) 



-i{v , v) . 



(2.5) 



The matrix AZ/j determining the coupling between the scalars and the vectors is 
defined by the relations 



(2.6) 



The bosonic action reads 



J 



with the scalar potential 



(2.7) 



(2.^ 



that results from U(l) Fayet-Iliopoulos gauging. Here, g denotes the gauge coupling 
and the are constants. In what follows, we define gj = g^j. 

The most general timelike supersymmetric background of the theory described 
above was constructed in [5], and is given by 



ds' = -A\b\\dt + ay + \b\'\dz' + e"^dwdw) 



(2.9) 



where the complex function b{z,w,w), the real function ^{z,w,w) and the one-form 
(T = a^jdw + awdw, together with the symplectic section ( p.l| )^ are determined by the 
equations 

d,^ = 2tgr(- ^ , (2.10) 



X' X' 



(2.11) 



^Note that also a and V are independent of t. 
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Fi Fj 



-2igjd^ { e 



2$ 



\h\-'ReMiL{lr^U)-'\'^ + + t) ( 



Fi FA X^ 
' ■ > ' _ _^ 

h b 



-Sigje 



2'!' 



9J fx' , X-^ 



(2.12) 



'. ^ fX^ X^\ 2 ^,._,^JJ ^ fgjX^ giX^V 



?■ / x^ x^\ 

da + 2 ^(3) (X, rfX) _ + _ e^^dw A dix; = . 

W \ b h J 

Here is the Hodge star on the three-dimensional base with metric^ 

ds\ = dz^ + e^'^dwdw , 
and we defined 8 = 8^, 3 = 8^,, as well as 



I = lm{V/b) . 



(2.13) 
(2.14) 

(2.15) 
(2.16) 



Given 6, $, o" and V, the fiuxes read 



= 2{dt + a)Ad [bX^ + bX^] + \b\-^dz A dw [X^{db + iA^b) + {V^X^)bdz''- 
X\db - iA^h) - {Vs,X^)bdz''] - \b\-'^dz A dw [X\db + iAJ))+ 
{V^X^)bdz'' - X\db - lA^b) - iVs^X^Ybdz''] - 



-^-^e^'^dw A dw [X\d,b + iA,b) + {V^X^)bd,z'' - X\d,b - iA,b)- 
{V^X'Ybd.z'' - 2igj{lmM)-'\''] . 

In (|2.17|) , A^j_ is the gauge field of the Kahler U(l), 



A^ = --{do.Kd.z'^ - d^lCd.z'') . 

3. Constant scalar s 

Let us first assume giVaX^ = 0, which implies that the scalars are constant^. 



(2.17) 



(2.18) 



•^Whereas in the ungauged case, this base space is flat and thus has trivial holonomy, here we have 
U(l) holonomy with torsion [5]. 

''This is true if the scalar potential has no flat directions. 



- 5 - 



In order to solve the system ( p.lO|) -( p.l4|) , inspired by the analysis in pure gauged 
supergravity [22], we make the ansatz 



X ^ f{z) +p{w,w) 
b 9{z) 



^2* 



(3.1) 



where we defined X = giX^ . Here, f{z), g{z) and p{w, w) are complex functions, while 
h{z) and i{w, w) are real. ( p. 10 ) implies then that gp — gp is independent of w, w. This 
in turn leads to 

p = (1 + iXi)Rep + i\2 , 

where Ai,A2 G M are constants. From the ansatz ( |3.1j ) it is clear that the prefactor 
1 + i\i as well as 1X2 can be absorbed into f{z) and g{z), so that we can choose p real 
without loss of generality. But then g{z) is also real, if we want p to have a nontrivial 
dependence on w, w. Thus, equ. (|2.1CI|) boils down to 

8Im/ 



d. In h 



(3.2) 



while ( |2.13| ) gives 
dd\n 



h 



^ 1/ + P?gigj{\mM)-'\'' + -Af + f + 2pf 



9^ 



(3.3) 



This is of the type 



A{w, w) = —B{z) + C{z)p{w, w) + D{z)p^{w, w) 



(3.4) 

for some functions A, B, C, D. Applying the operator ddz to (|3.4|) yields p = const, 
or C, D constant. The former case is trivial, so we shall consider the latter in what 
follows. (|3.4|) implies then that B is constant as well. Explicitely we have 



D 



h 

7 



\x\ 



,gigj{\mM)-^\'' + 16 



C={f + f)D 



(3.5) 



and hence the real part of f{z) is independent of and can be absorbed into p. One 
can thus choose / imaginary and C = without loss of generality. Using the special 
geometry relation 



g^'^V^X'VnX^ 



we get D = 12h/g'^. Taking into account ( |3.2| ), the expression for B becomes 

B = -(\nh)" + —(\nh)'^ = constant . 
4^ ^ 16^ ^ 



(3.6) 



(3.7) 
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This is a differential equation for h, with solution 

2 




Mo = 



(3i 



where Uq denotes a real integration constant^. In the following, we are interested in the 
case uo ^ only. For the functions g and / one has 



g = ±2 




f = T: 




(3.9) 



By rescaling p ±Pa/3/-D/2 in the ansatz ( |3.1| ) we can choose the upper sign and set 
^y3/D/2 = 1, i.e., D = 3/4 without loss of generality. Then ( |373| ) reduces to 



dd In^ 



(3.10) 



The Bianchi identities ( p.ll|) are automatically satisfied, while the Maxwell equations 
(ra imply 



ddp 



-p^ - Bp 



(3.11) 



As was noticed in [22], ( p.lO|) and ( p.ll|) follow from the dimensionally reduced gravi- 
tational Chern-Simons action [23] 



S = j d^x^ [pR + p^] 



(3.12) 



if we choose the conformal gauge Qijdx^dx^ = idwdw. Note that in ( p.l2| ), p is not 
a fundamental field, rather it is the curl of a vector potential, ^/geijp = diAj — djAi. 
Actually, the equations of motion following from the action ( p. 121 ) are slightly stronger 
than our system ( p.lQ ), ( p.ll| ), which does not include the traceless part of the con- 
straints SS/Sg"^^ = 0. Grumiller and Kummer were able to write down the most general 
solution of (|3l2D , using the fact that the dimensionally reduced Chern-Simons the- 
ory can be written as a Poisson-sigma model with four- dimensional target space and 
degenerate Poisson tensor of rank two [24]. This solution is given by [24] 



1 + 6 



cosh^(V^x) 
C 



p = 2/Btanh(/B5) 



252 



1 cosh'*(/Bx) 



(3.13) 



'A further integration constant can be eliminated by shifting z. 
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where the coordinate x is related to x = {w + w)/2 hj 

dx cosh^(A/Bx) 



(3.14) 



and C denotes an integration constant^. Note that the solution for negative B can be 
obtained by a simple analytical continuation from ( |3.13D [22]. 

The shift vector a can now be determined from (|2.14| ), with the result 

Putting all together and using p as a new coordinate in place of x, the metric ( ^.9[ ) 
becomes'' 

QA\X\\B/u, + u,z^)\ ^^ , 4txg^^ + 

= WT? + + 16|XP(i?/.o + no.T ^' 

+ (3.16) 



32i?|Xp(|i-p2 + §) 



325IXP \8B ^ B 



This resembles the Plebanski-Demianski (PD) solution [25] of cosmological Einstein- 
Maxwell theory, which is also specified by quartic structure functions. Indeed, in the 
case 1 — C/{2B'^) > 0, consider the coordinate transformation 

:l = fl-4V"7 t "^V.'l . ? = 2«o.. (3.17) 



^/ V 2i?2/ \iBuo 32B|x|2 J \y 

which casts the line element ( |3.16 ) into the PD form 

ds' = ^^dp' + {dr + q'd,f + ^^^dq' - {dr - p'd.f , (3.18) 

V + ^ Q p^ + q^ ^ 

with the structure functions 

P = 7 - + ^ , Q = ^ + Eq' + ^, (3.19) 



where 



7 = 32C|X|2, 7 = 64S2|X|2, E = 325|X|2 , /2 _ . (3.20) 



^More precisely, C and B are the Casimir functions of the Poisson sigma model that can be inter- 
preted respectively as energy and charge [24]. 

^Notice that the analogue of ( 3.16|) in minimal gauged supergravity was found in [22] . 
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/ is related to the effective cosmo logical constant by A = —3//^. In these coordinates, 
the ffuxes (|27T7| ) read^ 



2X^ X 

= |x|(p2^g2)2 (^ - 7)'^' [ip' - <f){dr + q'd^) A dp + 2pq{dT - p^d^) A 

(3.21) 

Comparing the functions (|3.19|) and the field strengths (|3.21|) with the general expres- 
sions given in [25] , we see that in our case the mass, nut and electric charge parameters 
M, N and Q vanish. It would be very interesting to see how one has to generalize the 
ansatz (|3.1|) in order to get solutions with nonzero M, N and Q. That there must be 
supersymmetric solutions of this type is clear from the analysis for minimal gauged 
supergravity in [26]. Notice also that for M = N = Q = 0, the BPS conditions obtained 
in [26] boil down to 

= ^7 , (3.22) 

which is exactly what follows from ( p. 201) . As a by-product, we have thus shown that 
the PD solution in minimal gauged supergravity with M = N = Q = satisfying (p.22|) 
does really admit a Killing spinor. This was not obvious, since [26] analyzes only the 
first integrability conditions, which are in general necessary but not sufficient for the 
existence of Killing spinors. 



4. Nonconstant scalar fields 



In this section we shall obtain supersymmetric rotating black holes as well as their 
near-horizon geometries, which both have nontrivial moduli turned on. This is done 
for the SU(1,1)/U(1) model with prepotential F = —iX'^X^, that has ny = 1 (one 
vector multiplet), and thus just one complex scalar r. Choosing = 1, = r, the 
symplectic vector v becomes 

/ 1 \ 



T 

-IT 

i 



(4.1) 



The Kahler potential, metric and kinetic matrix for the vectors are given respectively 
by 

2(r + f), g^, = d,d,K=[T^f)-'' , (4.2) 



-K 



Observe that contraction of p.q ) with gi and taking into account giVaX = yields XX" 
\{laiN)-^\" gi, and thus XX^ is real. 
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-IT 





(4.3) 



Note that positivity of the kinetic terms in the action requires Rer > 0. For the scalar 
potential one obtains 



V 



T + T 



(4.4) 



which has an extremum at t = t = \go/gi\. In what follows we assume gj > 0. 
4.1 1/2 BPS near-horizon geometries 

An interesting class of half-supersymmetric backgrounds was obtained in [27]. It in- 
cludes the near-horizon geometry of extremal rotating black holes. The metric and the 
fluxes read respectively 



dt + A{e~^^-L) — 
z 



+ 4e-« — 
r2(e-C - Le«) 



(4.5) 



= 8i 



XX^ 



dt A dz 



+ 



4 
Y 



1-iY 1 + iY 
'iXX^ 2XX^ ,^ .r\-^\I^ 



l-iY l + iY 
where L is a real integration constant and Y is defined by 

y2 = 64e-«|Xp - 1 . 



{zdt - ALdx) A di , 



(4.6) 



(4.7) 



The moduli fields z"' depend on the coordinate ^ only, and obey the flow equation 

dz'^ 



;i - tY)g^^V,X . 



d^ 2XY 

For L > 0, the line element ( |4.5| ) can be cast into the simple form 
ds"" = 4e-« (^-z'^dP + ^) + 16L(e-« - Le«) (^dx - 

^Y\e-^-Le^) ' 



(4.8) 



2/L 



dt 



(4.9) 
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where i = t/{2\/L). ([4.9|) is of the form (3.3) of [28], and describes the near-horizon 
geometry of extremal rotating black holes^, with isometry group SL(2, M) x U(l). From 
( |4.8|) it is clear that the scalar fields have a nontrivial dependence on the horizon 
coordinate ^ unless giVaX^ = 0. As was shown in [27], the solution with constant 
scalars is the near-horizon limit of the supersymmetric rotating hyperbolic black holes 
in minimal gauged supergravity [10]. We shall now give an explicit example of a near- 
horizon geometry with varying scalars, taking the simple model introduced above, with 
prepotential F = —iX^X^. In this case the flow equation ( [4.8|) becomes 

2Y go + giT 

Using Y in place of as a new variable, this boils down to 

dr _ gfr'^ - gl 



dV 2gogi{Y 

which is solved by 



(4.11) 



with C G C an integration constant. This allows to compute |Xp as a function of Y, 

Plugging this into ( [4.7| ) yields an expression for ^ in terms of Y, 

645-05'! 

4.2 Supersymmetric rotating black holes 

We now want to obtain stationary BPS black holes with nonconstant moduli, that 
approach the geometries of the previous subsection in the near- horizon limit. To this 
end, we use the ansatz 

— = , e =h{z)e{w,w), 4.15 

b g[z) 

where f^{z) is an imaginary function, while 5(2), r]\w,w), h{z) and i{w,'w) are real. 
Then, ( p.lO| ) reduces again to (p^), where / is defined by / = gi- ( p.l3| ) becomes 



z — = h 



4 g — g 



(4.16) 



^Metrics of the type (O) were discussed for the first time in [29] in the context of the extremal 
Kerr throat geometry. 
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with Tj = Tj^gi. Guided by the constant scalar case (cf. section |^) we take h/g^ 
const. = ci > and^° 



h 



8h 



9 

With these assumptions, ([4.16|) gives 

dd In 



-dl \nh + — ^ g]f^ = const. = C2C1 . 



(4.17) 



i 



C1C2 - 8ci ^ g]ri^ + IGciT]'^ . 



(4.18) 



In order to solve (|4.17| ), we make the ansatz 

g = c + az^ , h = ci{c + az^Y , = i{a^ z + (5^) 



(4.19) 



for some real constants a, c, , . One finds that ( [4.17| ) is satisfied if the following 
constraints hold: 



-ac 



8j29'i(3'' = C2. (4.20) 



Moreover, ( |3.2|) yields 
The Bianchi identities (|2.11|) lead to 



a = —- 



^91 ' 

which implies the first equation of ( ^4.21 ). Finally, the Maxwell equations 
provided that 



where 



(tt/j) = 



1 

1 



(4.21) 

(4.22) 
hold 

(4.23) 
(4.24) 



It would be interesting to see if ( [4.18|) and (^4.23|) , similar to (|3.1CI|) and (|3.11| ), follow 
from an action principle of the type (|3.12|) . 
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It is easy to show that for constant scalars one must have / — 7 /, rj = 7 77, where the constants 
7-^ satisfy 7^51/ — 1. Using this together with (3.2), equ. (4.17) reduces to (3.7). 
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We shall now solve the eqns. (|4.18|) , ([4.23|) under the additional assumption 
i{x), T]^ = ri^{x), using an ansatz analogous to (|3.13| ): 



cosh [kx) 

,4/ ~x dx cosh^f/tx) 

5 = Acosh^Ux) , — = , \- , 4.25 

^ ' dx 1 + 5 ^ ^ 

where k, t)'^ and A are constants. Plugging this into ( [4. 181 ) and ( |4.23| ) gives 

9ov' = giv' , (4^or)°)'ci = /t^ = -CiC2 . (4.26) 

At the end, the shift vector a is determined by ( p.l4|) , which yields 

■f]^K,(cosh.~'^(Kx) + A) ciaff , o, / , „„x 

^ = '''' ' ^' = 2,.(c + J) + • <^-2^' 

Similar to the case of constant scalars, for A < the solution can be cast into a 
Plebanski-Demianski-type form by the coordinate transformation 

:)-^(4T)(:)' - 

p = /y-tanh(«:x), ? = ^ (4-29) 

where 

/2 = ^— . (4.30) 

4^o^i 

The metric becomes then 

■ ^ " ^'^^^ - , , ? (cit - p^dyY , (4.31) 



with the structure functions 

F2/2 1 / p/2 \ 2 

^ = (l + ^)^-Ej>^ + ^, 2 = K^' + 1--^') ' (^-32) 
and the parameter A is defined by 

A = . 4.33 
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Notice that, although we must have obviously E > in the above coordinate transfor- 
mation, the final solution in the PD form can be safely continued to E < 0^^. 
In the new coordinates, the complex scalar field r reads 



r 



go + - + 2ipA 
gi + {q- A)2 



(4.34) 



For A = 0, r is thus constant, and assumes the value r = go/gi, for which the potential 
([4 .41) is extremized. Note also that for p fixed and g — )■ oo or viceversa, r tends to go/gi 
as well. The positivity domain Rer > is determined by + — A^ > 0. Finally, 
the fiuxes (|2.17|) are given by = dA^ , where 



A' 



EpV^ 



+ - A2) 



{dt + {q^ - A^)dy) . 



(4.35) 



The solution is thus specified by three free parameters A,E,A. A particular case is 
obtained by choosing 



2 ' 



7 

E = — - 1 

P 



p = j cosh 9 , 
Defining also 

p'^ = q^ + f cosh^ 9 , 



jE ' E 



f 

1 + — 
P 



(4.36) 
(4.37) 



1 

P 



.■2 _ 12 
2 , J ^ 
(1 + ^ 



-A^ 



Ae = 1 + j^cosh^^ , 



the metric ( |4.31D , scalar field ( [4.34| ) and U(l) gauge potentials ( |4.35D become 



ds' 



An 



.dq^ + ^—-^d9^ + 



(p2 - A2 



(jdT-iq'+f-A' 



A. 



(p2 - A2)S2 



— [dT + j sinh^ 



A' 



go f cosh^ 6' + g2 - A^ + 2ijA cosh 9 
~gi j2 cosh^ 9 + {q- A)2 



7/(p^ - A^; 



(4.38) 

(4.39) 
(4.40) 



^-'^In fact, it is easy to see that the case of negative E corresponds to the analytical continuation 
K = z/c, f}^ = ifi^ , where A:,n^ g M. The hyperbolic functions in (4.25) become then trigonometric. 
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This solution contains two arbitrary constants j and A. The former can be interpreted 
as rotation parameter, since for j = the geometry is static. Moreover, there is an 
event horizon determined by A^ = 0, i.e., for 

q' = Ql = ^' + lil'-f)- (4.41) 

From (|4.40|) it is also clear that these rotating black holes carry two magnetic charges 
that are inversely proportional to the coupling constants gj. Notice that the positivity 
domain of the scalar is q^+j'^ cosh^ 6 > A'^, but since for g > we have q^+j'^ cosh^ 9 > 
1h = A^ + {P + j^)/2 > A^, there are no ghosts outside the horizon^^. For A = 0, 
the scalar is constant, and we recover the supersymmetric rotating black hole with 
hyperbolic horizon in minimal gauged supergravity found in [10]^'^. For j = and 
A ^ 0, (g)-(g) boil down to 

ds^ = -fNHT^ + ^+(q^-^l sinh^ u] {dO^ + sinh^ edcj)'') , (4.42) 



PN^ V 2 
I 



?llZ^^ . A- = -H^rf^ . (4.43) 
9iq + ^ sinh u 4.gi 



where 



(^-IcoshV)^ 



I 



I'N' = , A = sinh u . (AAA) 

^-isinh^i/ '72 

This is exactly the BPS black hole found in section 3.1 of [4], with hyperbolic horizon 
and nontrivial profile for the scalar field. It is interesting to note that for zero rotation 
parameter, r becomes real, whereas for the rotating solution it is complex, i.e., one has 
a nonzero axion. A similar scenario was encountered in [111. 



Let us now take a closer look at the near- horizon geometry of (|4.38|) , which is 
obtained by introducing new coordinates z, t, according to 

q = qh + eqoz , T = ^ , = + , (4.45) 

and then taking the limit e — t- 0. Here, Q = j / (g^ + — A^) is the angular velocity of 
the horizon, and go is defined by 



^^Presumably there is a curvature singularity at + j"^ cosh^ 9 — A^, although we did not check 
this explicitely. 

^■^ Actually, even for A = 0, the above solution slightly generalizes the one of [10], in that it carries 
two charges instead of one. 
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In this way one gets 



A, 



+ —zdi 



(4.46) 



where 



pl = ql + f cosh^ e 

The final coordinate transformation 

_^ _ gg + j^cosh^g- 



16gg 



16g3 



(4.47) 



casts the metric ( [4.46| ) into the form ( [4.9| ), with the constant L in ( [4.9^ given by 



1024g;^ 



4 ' 



and we used also (|4.14|) . The parameter C appearing in ([4.14|) turns out to be related 
to A by = gg|Cp. The phase of C is fixed by requiring that the scalar field (|4.39|) 
coincides (after taking the limit e — )■ 0) with the expression ( [4.12|) , which leads to 



Note that there is a simple relationship between 6 and the coordinate Y used in section 
|4.1| , namely 

Y = cosh^ , 

and hence Y is up to a prefactor identical to the coordinate p that appears in the PD 
form of the metric. 

In conclusion, we have found a two-parameter family ( 4.38[ )-( P.4(j| ) of extremal 
rotating black holes preserving one quarter of the supersymmetries, i.e., two real su- 
percharges. The solutions interpolate between AdS4 at infinity and the geometry ( |4.9|) 
near the horizon, which is 1/2 BPS. Notice also that there is a nontrivial scalar field 
profile ( [4. 391) , and for q ^ Qh, t does not become constant, but still depends on the 
horizon coordinate 6. 
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4.3 Lifting to M-theory 

We now want to uplift some of the black hole solutions obtained above to M-theory, 
and comment on their higher-dimensional interpretation. To this end, let us be slightly 
more general, and consider the stu model of A/" = 2, D = 4 gauged supergravity 
(which, as we shall see below, contains the F — —iX^X^ model used in this section 
as a truncation). In the zero-axion case, i.e., for real scalars, this can be embedded 
into D — 11 supergravity using the reduction ansatz presented in [30], that we briefly 
review in what follows. The eleven-dimensional metric reads 

7=0 

where A = 5^7=0 ^^A*7- The four quantities /// satisfy X^j/if = 1, and can be 
parametrized in terms of angles on as 

liQ = sin -f? , A*i = cos sin X , A*2 = cos cos x sin , A*3 = cos cos x cos if) . 
The X^ are given by 

X^ = e-^»-^^ (^=((^i,(^2,<^3) , (4.49) 

with 

ao = (1, 1, 1) , ai = (1, -1, -1) , a2 = (-1, 1, -1) , 03 = (-1, -1, 1) , 

and satisfy X^X^X^X^ = 1. 

The reduction ansatz for the four-form field strength is 

F(4) ^2gY, (^'V? - AX^) 6(4) + ^ E ^'"'*^^' A d(/x^) 
7 ^7 

where — dA^ , * denotes the Hodge dual operator of ds\ and £(4) is the corresponding 
volume form. 

This leads to the four-dimensional stu model with bosonic action 



R-]- {d(pf - 2 XI (^^''^F^^ + 8c/2(cosh ip^ + cosh (^2 + cosh (^3) 



4 
7 



(4.51) 
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which can also be obtained from the general theory ( p.7|) by choosing a prepotential 
proportional to (X°X^X^X^)^/^, taking all gj equal, and subsequently setting the 
axions to zero, cf. [4] for details^"^. In order to obtain from ( [4.5ip the model with 
F = —iX^X^ considered in this section, one has to further truncate according to 



ipi = ip3 = 



oV2 



T 



F' 



(4.52) 



such that = X° and X'^ = X^. This yields exactly the model introduced in 
eqns. ( [4 .11 ) ff., with the additional restriction that r must be real^^ and go = gi = g- 

Due to the zero-axion condition r = f, we cannot uplift the rotating black holes 
(|4.38|) - ([4.40|) , since these have a complex scalar unless A = 0^^. For the static solution 
(|4.42|) , (|4.43|) , T is real, and the above reduction ansatz leads to an eleven- dimensional 
metric 



11 



A^/^dsl + g-^A-'/'!^r'/' 



dfil + fil{d(f)o — - cosh^d^)^ + d/il 



2 - - cosh 



+ T 



-1/2 



dfil + fil{d(f)i — - cosh. 9d(l))'^ 



+diJ,l + iJ,l{d(j)3 — - cosh 



(4.53) 



where 



1/2/ 



while dsl and r are given by ( [4.42| ) and ( [4.43| ) (with go = gi = g) respectively. Finally, 
the four- form field strength can be easily computed from (|4.50|) . 

In the case = 0, the scalar r becomes constant (r = 1), and the solution ( [4.53| ) can 
be interpreted as the gravity dual corresponding to membranes wrapping holomorphic 
curves in a Calabi-Yau five- fold [32]. Moreover, for z/ = (i.e., A = 0), r in (|4.39|) 
is real (and constant), which allows to uplift also the rotating black holes, which in 
eleven dimensions correspond to supersymmetric waves on wrapped membranes [32]. 
It would be interesting to see whether the general solution ( [4.53P (for z/ 7^ 0) has a 



14r 



*The used here are related to the in section 3.2 of [4] by Xl^^^^ 
has to identify gi = .g/V2, F^^^ = \/2F/hcrc' and e^- ^ , a = 1, 2, 3. 



2V2X^ 



there ' 



Moreover, one 



^^Notice that X^,X^ computed from (4.1) differ from X^ and defined in (4.49) by a factor one 
half. 

Actually, the F = —iX'^X^ model can be embedded into J\f = A, D — A S0(4) gauged supergravity 
as well. To see this, set r — e^*^ + ix, which casts the action (2.7) into an abelian truncation of the 



bosonic Af — 4 S0(4) gauged supergravity action (17) of [31]. Solutions of the latter can (even for 
X 7^ 0) in principle be lifted to eleven dimensions along the lines of [31], but we shall leave this for 
future work. 



- 18 - 



similar interpretation. This might allow for a microscopic entropy computation of the 
four- dimensional black hole ( |4.42|) , which can then be compared with the macroscopic 
Bekenstein-Hawking result 



5bh = ^ = 1^ , V = J sinh dded<p , (4.54) 

where we used that SttG = 1 in our conventions. Notice that, for a noncompact 
horizon H^, only the entropy density s = S/V is finite. If instead the hyperbolic space 
is compactified to a Riemann surface of genus h, we can use Gauss-Bonnet to get 
V = 47r{h - 1), and thus 

SBu = ^ih~l). (4.55) 

5. Final remarks 

In this paper we have constructed new magnetically charged rotating BPS black holes 
in Af = 2, D = 4 gauged supergravity coupled to abelian vector multiplets. One of our 
results is a two-parameter family of solutions with noncompact horizon that preserve 
two real supercharges and have a nontrivial scalar field profile. In the near-horizon 
limit, there is a supersymmetry enhancement to 1/2 BPS. We limited the calculations 
of section ^ to the prepotential F = —iX'^X^, but it would be very interesting to 
generalize them to the stu or at least to the so-called t^ model, since this admits 
spherically symmetric static BPS black holes [4], that can in principle be given rotation. 

A further point to explore would be how the attractor equations in gauged super- 
gravity [4, 8] get modified if one includes rotation. This involves solving eqns. ( |2.10| )- 
( |2.14] ) for the most general stationary near-horizon geometry. 

Finally, another possible generalization of our work is the inclusion of hypermul- 
tiplets. Black holes in TV = 2, Z) = 4 gauged supergravity with charged hypers were 
constructed and analyzed in [33]. When the hypermultiplet scalars are charged, black 
holes of this type might have applications in the emerging field of holographic super- 
conductivity, where usually no analytical solution is known, and one has to resort to 
numerical techniques. 

Work along these directions is in progress [34]. 
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